Abstract. Hypothesizing that fish predation, active shore avoidance and outlet stream avoidance may be separately affecting horizontal zooplankton distribution, the effects of fish presence, sampling location (midlake, outlet and non-outlet shore) and time (day or night) on zooplankton abundance and body size were tested. Statistically significant horizontal zooplankton abundance gradients occurred in both fish-present and fish-absent lakes. Fish may strengthen zooplankton spatial patterns common to both fish-present and fish-absent lakes, as abundance differences among locations were often greater in fish-present systems compared to fish-absent systems. Horizontal zooplankton abundance gradients differed through a diel cycle, but were species specific with some species exhibiting gradients only during the day, while others exhibit gradients only during the night. Avoidance of the outlet over and above active shore avoidance appeared to take place in Daphnia sp. Other taxa provided equivocal support of active outlet avoidance with most showing no significant difference between shore and outlet abundance (seven of nine), one taxa showing a significant decrease and one a significant increase in outlet compared to shore abundance. No gradients in zooplankton body size were found.
Introduction
Lacustrine zooplankton distribution is heterogeneous in both the vertical and horizontal planes. Vertical distribution patterns and their diel change are well studied, and it is now generally accepted that they result from a foraging rate-predation risk trade-off [De Stasio, (1993) and references therein]. However, factors accounting for horizontal patchiness in zooplankton distribution, most often observed as increases in density, body size and clutch size from the shallow nearshore water to the deeper pelagic zone (Boikova, 1986; Werner and Hall, 1988; Gliwicz and Rykowska, 1992; Taleb et al., 1994) remain elusive. Siebeck (1968) and Ringelberg (1969) showed that crustacean zooplankton orient themselves using underwater angular light, and suggested there is active horizontal movement away from light-shadowed shore areas during the day and movement towards better illuminated offshore areas during the night (active movement theory). Unlike vertical movements, no ultimate factors driving these purported shore-avoidance behaviors have been presented in the literature. Although spatial heterogeneity in food conditions and abiotic variables are critical drivers of light-induced vertical migrations, these gradients are not pronounced enough in the horizontal plane to account for observed horizontal gradients completely (Gliwicz and Rykowska, 1992; De Stasio, 1993; Taleb et al., 1994; Smiley and Tessier, 1998) .
In contrast to the active movement theory, Gliwicz and Rykowska (1992) argued that horizontal zooplankton gradients are best explained by fish predation. They found that an increase in abundance, body and clutch size of two Daphnia sp. on a transect from near-to far-shore areas correlated with the intensity of fish predation. Although they stated that their experimental design did not rule out shore avoidance behavior accounting for observed zooplankton trends, they cited a generally recognized increase in predation pressure from nearshore to offshore environments in lakes where there are strong horizontal zooplankton gradients as support for their theory (Hall et al., 1970; Boikova, 1986; Werner and Hall, 1988) . Their strongest argument against shore avoidance behavior accounting for observed trends was that it would not be sound to expect individuals with greater numbers of eggs in their brood chambers to be faster or more efficient in their movement away from shore; yet, in their experiment, average brood size in both Daphnia species was greater offshore. Similarly, Taleb et al. (1994) and De Stasio (1993) suggested that low zooplankton densities in the nearshore zones of lakes are likely associated with fish predation, but they could not determine whether the observed gradient was due to a depletion in density of the prey or fish-induced avoidance behavior.
In this paper, a replicated whole-lake experimental design, using lakes with fish present and lakes with no fish, was used to test whether active shore avoidance or gradients in fish zooplankton consumption more fully account for horizontal gradients in zooplankton abundance and body size. In order to make active shore avoidance a plausible hypothesis, at least two factors likely control horizontal movements in zooplankton: (i) they avoid high predation pressure that occurs in shallow water; (ii) they avoid being flushed from a lake via the outlet stream. High predation pressure on zooplankton occurs in shallow nearshore zones because westslope cutthroat trout, the only fish species present in study lakes, evolved in association with predatory fish (Marnell et al., 1987) . Evolutionary pressure to avoid piscivores resulted in preferential occupation and foraging behavior in shallow water, and fish gut contents often contain large numbers of terrestrial insects, indicating littoral foraging (personal observations). If zooplankton actively avoid the shore, they minimize the possibility of being entrained by the outlet stream and flushed into a hostile environment. Zooplankton flushed from lakes into lake outlet streams are important in structuring lake outlet benthic invertebrate communities (see Richardson and Mackay, 1991) . Therefore, determining the susceptibility and factors regulating the hydrologic removal of zooplankton from lakes has community and lotic ecological implications.
Whether zooplankton are able actively to avoid the shore was tested separately from testing if lake outlet avoidance occurs by using shore and outlet sampling locations. By comparing these locations, it could be tested whether there was outlet avoidance over and above that which would be expected from simple shore avoidance. Therefore, the effects of light (shore avoidance) were separated from the effects of hydrologic entrainment (outlet avoidance). Because the diel cycle is critical in determining vertical zooplankton distribution, sampling was carried out over a 24 h period to determine whether the light regime at different times of day affected horizontal distribution of lacustrine zooplankton. Specific aims of this study were to: (i) test whether horizontal zooplankton gradients in abundance and body size occur in shallow montane lakes; (ii) test whether horizontal zooplankton gradients differ in fish-present and fish-absent lakes; (iii) test whether zooplankton horizontal gradients differ through a diel cycle; (iv) test for lake outlet avoidance that cannot be explained by simple shore avoidance.
Method
A lake survey was conducted in northwest Montana and montane lakes selected for their similarity in morphology, hydrogeologic setting and physicochemical characteristics. Only fish-absent lakes (n = 4) and lakes that have supported naturally reproducing fish populations for extended periods (>20 years) (n = 4) were used. There is the possibility that some fishless lakes historically supported fish populations. Some lakes were unnamed and are referred to here by number. As lake similarity is crucial for this research, lake locations and descriptive parameters are listed in Table I . There were insignificant differences in morphometry and correlates of production between lakes comprising each fish treatment [e.g. mean depth, t (6) = 0.109, P = 0.92; total phosphorous (TP), t (6) = 0.523, P = 0.62]. Study lakes were in the sub-alpine zone, lacked macrophyte cover and did not markedly stratify during the study year. Shallow montane lakes were used for this study because spatial heterogeneity in temperature and oxygen concentration, two important abiotic factors potentially influencing zooplankton distributions (Wright and Shapiro, 1990) , typically is minimal. Indeed, midlake (0.5 m deep) and outlet (mid-depth) temperatures were not significantly different [paired t (7,0.05) = 0.77, P = 0.49)]. No sampling was performed within 48 h of adverse wind conditions that could effect zooplankton distribution.
Each lake was sampled twice (± 1.5 h from 12:00 h and 00:00 h) during a single 24 h period at three sampling stations in late July or early August of 1997. Three subsamples were taken at each sampling station which were the deepest part of the middle of the lake (midlake), the outlet stream (outlet) and at a shore location perpendicular to the midlake-outlet transect with angle direction determined by a coin toss. Subsamples were taken with a plankton net (64 µm mesh) from 1 m deep at midlake and from the 1 m isocline at shore locations. Outlet stream samples were taken at mid-depth in the deepest portion of the outlet stream immediately before the first evidence of turbulent flow. Outlet subsamples were collected by submerged drift nets comprising of a 12-cm-diameter aluminum tube 10 cm long, fitted on one end with 64 µm mesh tapering to a collection bucket. The volume of water filtered was determined by area of net opening ϫ water velocity ϫ time net was operational. Samples were preserved in 70% ethanol, concentrated to 6 ml, subsampled with a 2 ml Henson-Stempel pipette, identified and counted in a Sedgewick-Rafter counting cell. All taxa were readily identified to genus or species (Ward and Whipple, 1959; Saether, 1970; Pennak, 1989) . Body length was measured to the nearest 0.05 mm using a micrometer microscope slide.
To avoid potentially spurious conclusions resulting from sparsely distributed animals, it was decided a priori that statistical analyses were to be restricted to taxa that exhibited densities of >15 organisms m -3 for at least one sampling location, regardless of place or time. Within this numerical restriction, data were analyzed at two sampling resolutions using both the lake and within-lake subsamples as replication units. Where ecologically meaningful, and numerically possible, taxa were grouped so that at least three fish-present and three fishabsent lakes were represented. For example, as Daphnia species were similar in size and mobility, Daphnia were grouped and analyzed at the genus level. Daphnia sp. grouped were Daphnia rosea Richard, Daphnia schodleri Sars and Daphnia middendorfiana Fischer. In a similar fashion, rotifers (Keratella cochlearis Ahlstrom, Keratella quadrata Berzins, Polyarthra vulgaris Carlin, Gastropus stylifer Imhof, Synchaeta sp. and Kellicottia longispinus Kellicott) and cyclopoid copepodites and nauplii were grouped for analyses using lakes as the unit of replication. Adult copepods differed substantially in their size and mobility, and were therefore not analyzed as a group. The lack of representation of adult copepods of any species, including Hesperodiaptomus shoshone Forbes, Diacyclops thomasi Forbes, Aglaodiaptomus leptopus Forbes, Arctodiaptomus arapahoensis (Dodds) and Eucyclops agilis Koch, or Polyphemus pediculus Linné, Chaoborus sp. and Holopedium gibberum Zaddach, in all lakes precluded using lakes as the unit of replication for these taxa. In these instances, distributions were analyzed within each lake. Fifteen taxa were sufficiently represented within a single lake to enable this within-lake analysis.
Three-factor ANOVA, with fish status, sample location and time as factors, was used to test separately for differences in zooplankton abundance and body length, when lakes were used as the units of replication. Because of the necessarily low sample size associated with whole-system studies, some latitude is warranted when judging statistical significance (see Vanni et al., 1997) . Here, P < 0.10 is considered as being statistically important. For analyses where within-lake subsamples were used as the unit of replication, two-factor ANOVA with sample location and time as factors was used to test for differences in zooplankton abundance and body length. Where statistically significant within-lake gradients were found, post hoc Tukey's tests, with Bonferroni corrections, were performed. Instead of testing all possible pairwise combinations for significance, post hoc comparisons were limited to differences between sampling times for a given site, and differences among sampling sites for a given time. For these analyses, P = 0.10/15 = 0.007 was considered as statistically significant. Analyses were performed using SYSTAT (Wilkinson, 1990) .
As the prime motivation of this research was to identify gradients in, rather than absolute, zooplankton abundance, taxa-specific abundances were standardized by the mean night, midlake, fish-absent values. Night, midlake, fish-absent values therefore appear as unity and are referred to as standards, with other values as proportions of these standards. Zooplankton gradients were assumed to exist if sampling location, or any interaction containing sampling location, was found to be significant.
Results
Results of the analyses using lakes as level of replication are presented in Figures  1-4 . In no case were there significant statistical interaction terms. Time and location of sampling and fish presence had significant effects on Daphnia distribution (Figure 1 ). Night Daphnia abundances were significantly greater than day abundances. Outlet abundances were significantly less than midlake abundances, but not significantly different from shore abundances. Shore and midlake abundances were not significantly different from each other. No abundances were greater than standardized night, fish-absent, midlake values. Other values ranged from zero animals found in fish-present, day, outlet samples to 0.23 of the standard in night, fish-present, shore samples.
Only fish presence had significant effects on rotifer abundance (Figure 2 ). Pooled rotifer abundance ranged from 0.37 of the standard in fish-present, night, outlet samples to 5.8 of the standard in fish-absent, day, midlake samples. Only fish presence had a significant effect on cyclopoid nauplii abundance, with fishabsent samples higher than fish-present ones (Figure 3 ). Values ranged from 0.06 of standard in fish-present, night, outlet samples to 2.6 of standard in fish-absent, day, midlake samples. No significant differences were found in any treatment of Fig. 1 . Daphnia sp. abundance (proportion of fish-absent, night, midlake values + SE) taken during the day and night, at midlake, shore and lake outlets, in fish-present and fish-absent lakes. Night samples are statistically greater than day samples. The vertical line beside legend groups indicates statistically similar sampling locations. Note the log scale. cyclopoid copepodites (Figure 4) . Abundance values ranged from 0.32 of standard in fish-absent, day, midlake values to 5.01 of standard in fish-present day midlake values. Eight of 15 zooplankton taxa whose abundance permitted within-lake analyses of spatial distribution exhibited statistically significant abundance gradients denoted by a significant effect of sampling location, or an interaction term containing location (Table II) . Inspection of the graphical depictions of zooplankton gradients in Table II allows some important generalizations. Statistically significant zooplankton gradients were found in both fish-present and fish-absent lakes. Gradients often resulted from midlake exhibiting higher zooplankton abundance than shore and/or the outlet. Moreover, night abundances were often greater than day abundances at midlake. Table III contains within-lake zooplankton gradients which were not statistically significant after ANOVA with Bonferroni adjustment (i.e. effects of time, location and time ϫ location were not significant with P > 0.007). However, as some of the P values were only marginally non-significant, post hoc tests are presented. Where patterns existed, they generally corresponded as in Table II .
Daphnia sp. body lengths did not differ with sampling time, location or fish status ( Figure 5 ). Lengths ranged from an average of 0.47 mm in fish-absent, day, outlet samples to 0.95 mm in fish-present, night, outlet samples. Sampling time and locations had no significant effect on body length for any taxa in the withinlake analyses. Holopedium gibberum lengths averaged ~0.8 mm, Aglaodiaptomus leptopus (Forbes) ~1.0 mm, Arctodiaptomus arapahoensis (Dodds) ~1.6 mm, Eucyclops agilis Koch~1.2 mm, Polyphemus pediculus~0.6 mm and Hesperodiaptomus shoshone (Forbes) ~2.1 mm (Figures 6 and 7) . Fig. 3 . Grouped nauplii abundance (proportion of fish-absent, night, midlake values + SE) taken during the day and night, at midlake, shore and lake outlets, in fish-present and fish-absent lakes. Only fish-present had a significant effect.
Discussion

Lake as unit of replication
Fish presence, time of sampling and sampling location all had significant effects on Daphnia sp. abundance. Low abundance of large cladocerans in the presence of planktivorous fish has been well documented (e.g. Brooks and Dodson, 1965) . Although noteworthy, the fact that fish affected zooplankton abundances was of prime importance in this study only where they interacted with sampling location, thereby suggesting a mechanistic explanation of horizontal zooplankton gradients. Horizontal gradients in Daphnia abundance, denoted by a significant effect of sampling location, occurred in both fish-present and fish-absent systems. This is clear evidence that gradations in fish predation pressure are not necessary to explain distributional heterogeneity of Daphnia in these shallow montane lakes. However, fish predation may influence horizontal zooplankton gradients in Fig. 4 . Cyclopoid copepodite abundance (proportion of fish-absent, night, midlake values + SE) taken during the day and night, at midlake, shore and lake outlets, in fish-present and fish-absent lakes. No significant differences.
fish-present lakes. For example, during the day, when fish predation effects would be expected to be most pronounced, shore abundances in fish-present systems were on average 7.9% of midlake values, while in fish-absent systems shore abundances were 61.9% of midlake values. That the magnitude of the shore to midlake Time P = 0.390 Location P = 0.000
Location P = 0.065 Time ϫ location P = 0.000
Time ϫ location P = 0.004 .9) 23.7 (34.4) 6.7 (6.6) Time P = 0.029 Location P = 0.587 Time ϫ location P = 0.242 gradient is larger in fish-present lakes suggests that, although not statistically significant, fish may be contributing to zooplankton spatial pattern.
It appears that Daphnia actively avoid the outlet stream, because outlet abundances were significantly different than midlake values, although not statistically different from shore abundances. An alternative explanation is that Daphnia were randomly distributed in the lake, but were not sufficiently abundant to resupply the outlet stream continually. Lower abundances in the outlet would then be explained by simple dilution as animals are flushed out. However, rotifers and nauplii, both with locomotory power less well developed than Daphnia, occur in similar abundance to Daphnia in night, midlake, fish-absent samples (rotifers 200.1 m -3 and grouped nauplii 675.9 m -3 versus Daphnia 553.7 m -3 ), yet they occurred in statistically similar abundances in the outlet. If Daphnia underrepresentation in outlet samples was a simple dilution effect, similar abundance patterns should be observed for rotifers and nauplii. The fact that abundance patterns were dissimilar suggests that Daphnia are actively avoiding the lake outlet. Diel vertical migration (DVM) in Daphnia was readily apparent (Figure 2 ) and was not affected by lake fish status. Although some DVM behaviors have been found to be phenotypically plastic, being initiated or abandoned based on predator occurrence (Bollens and Frost, 1991) , clearly some DVM behaviors do not Fig. 6 . Mean length (mm + SE) for Holopedium gibberum from Upper Mud Lake, Aglaodiaptomus leptopus from Lower Mud Lake, Arctodiaptomus arapahoensis from Twin Lake and Eucyclops agilis from Blackfoot Lake, as functions of sampling location (midlake, shore and outlet) and time (day and night). No significant differences were found for any taxa. No time effect or interaction was possible for A.arapahoensis because of empty data cell.
require fish cues, but are endogenous, likely resulting from past evolutionary consequences.
Neither time nor location had significant effects on rotifer, nauplii or copepodite abundances, indicating homogeneous distribution in both space and time Fig. 7 . Mean length (mm + SE) for Aglaodiaptomus leptopus from Last Mud Lake, Polyphemus pediculus from Last Mud Lake, Holopedium gibberum from Last Mud Lake and Hesperodiaptomus shoshone from Twin Lake, as functions of sampling location (midlake, shore and outlet) and time (day and night). No significant differences were found for any taxa. in these lakes. Gliwicz and Rykowska (1992) found that horizontal gradients are strongest in large-bodied zooplankton. The observed lack of horizontal gradients in small-bodied taxa and small ontogenetic stages is not surprising. Relatively low susceptibility to vertebrate predation and associated low evolutionary pressure to avoid the shore, coupled with low locomotory ability, is a likely explanation for a lack of heterogeneous distribution in these organisms and life history stages. DVM has been documented in some copepod copepodites when individual species were studied (Neill, 1992 ). Using family as the level of taxonomic resolution for copepodites, and low overall abundances in this study, may have masked abundance gradients. As for Daphnia, the significant effect of fish presence on rotifer and nauplii abundance, without a significant effect of sampling location, is interesting from a community ecology perspective, but was not directly within the scope of this paper.
Daphnia body lengths were not affected by fish status, sampling time or location. Smaller body sizes in shore and outlet samples might be expected based on both mechanisms hypothesized to contribute to horizontal heterogeneity in Daphnia. Smaller bodied animals may be poorer swimmers than larger organisms and have difficulty actively avoiding shore; inshore fish predation would be expected to exert more pressure on large-bodied specimens, resulting in lower mean body size (Gliwicz and Rykowska, 1992) . The absence of any gradients in body size in this study strengthens neither the active shore avoidance nor the fish predation hypothesis of horizontal zooplankton gradients.
Within-lake samples as units of replication
Analyses of zooplankton distributions within single lakes further support the contention that direct fish predation is not required to account for horizontal gradients in zooplankton. Chaoborus sp. seemed to avoid the outlet in fishless Upper Snyder Lake, with no individuals ever sampled in the outlet. Midlake and shore samples were significantly different, but only during the night. It appears that the majority of Chaoborus inhabited the midlake zone and undergo DVM. Horizontal gradients, including shore and outlet avoidance, were only apparent when Chaoborus ascended in the water column (indicated by time ϫ location interaction). This same temporal pattern of horizontal distribution occurred for P.pediculus Unnamed Lake 1 (U1-fish present), where only during night ascension into the water column were there significant abundance gradients observed. Night gradients of P.pediculus may be caused, in part, by fish predation, but similar distributions of Chaoborus sp. in a fishless lake indicate that fish predation is not necessary to account for observed trends. Shore and outlet avoidance by H.gibberum occurred in Unnamed Lake 2 (U2-fish absent) during the day. Interestingly, this was a very similar distribution pattern exhibited by H.gibberum in fish-present U1. In U1, no individuals were present at shore or outlet stations during the day. This may be because the active shore avoidance behavior of H.gibberum exhibited in U2 also occurred in U1, and this behavior was augmented by fish predation in U1. DVM explains the increase in abundances observed in night versus day samples. The lack of horizontal gradients during night does not require active movement away from midlake after sundown, but simply the cessation of day shore avoidance. DVM seems unlikely to account for the increase in night versus day outlet abundance, where outlet current would be expected to remove animals remaining benthic during the day. There is little support in these data for the angular light distributed theory of animal orientation of Siebeck (1968) and Ringelberg (1969) , which predicts an offshore orientation during evening ascent. Determining whether passive diffusion after shore avoidance stops (when low evening light levels decrease predation risk), or whether active horizontal redistribution of H.gibberum during the night best explains a more homogeneous horizontal night distribution compared to day, requires more research. In a manner similar to Chaoborus in fishless Upper Snyder Lake, no fish presence was required in U2 to initiate DVM or shore and outlet avoidance in H.gibberum.
Aglaodiaptomus leptopus in U1, and E.agilis in Blackfoot Lake (both with fish), exhibit the same general diel pattern as H.gibberum in U1. Midlake abundances were similar in the day and at night, and significant decreases in abundance gradient were observed between midlake and shore at night compared to day. Similar diel midlake abundances suggest weak or non-existent DVM. Copepods are often less susceptible to fish predation than cladocerans because of their greater mobility. Avoiding individual fish attacks may have precluded any evolution of DVM for these species. A diel horizontal redistribution of animals could account for observed gradients in H.gibberum and A.leptopus (day midlake + day shore ≈ night midlake + night shore). Some DVM is required in E.agilis to account for increased overall night abundances (day midlake + day shore < night midlake + night shore). Aglaodiaptomus leptopus and E.agilis both clearly avoided both shore and the outlet during the day. Additionally, E.agilis showed a night outlet avoidance. As argued above, fish predation may account for this spatial pattern, but active avoidance of shallow water during the day, coupled with avoidance of hydrologic entrainment during the night, may also be influential.
Arctodiaptomus arapahoensis and H.shoshone distribution in fishless Twin Lake presented an interpretation challenge. No statistically significant spatial gradients existed during the day for A.arapahoensis, although high variation probably excluded the large abundance in the outlet from being significantly different than at the other locations. Night sampling locations were all significantly different from one another, with the outlet being the highest. A life history strategy that involves removal from the lake via the outlet stream before reproduction seems unlikely. What may have happened is that a single, strong, synchronized cohort completed reproduction, and entered a relatively immobile senescent state, and was being flushed from the lake. A complete absence of rotifers and cladocerans, possibly removed by intense predation and/or competitive pressure, and a very uniform A.arapahoensis body size lend credence to this supposition ( Figure 6 ). Hesperodiaptomus shoshone exhibited higher night midlake values than day values, consistently low shore values and high outlet values, although a lack of any significant difference between shore and outlet abundances makes attaching ecological significance to these findings tenuous.
Anomalous community structure in this lake seems to manifest in anomalous zooplankton distributions.
There was only one statistically significant case in the within-lake analyses, where there seemed to be outlet avoidance over and above shore avoidance (E.agilis in Blackfoot Lake). There was also one statistically significant case where abundance was significantly higher in the outlet compared to shore (A.arapahoensis in Twin Lake). This suggests that in the observed species, if avoidance of hydrologic entrainment exists, it is not as drastic in these taxa and therefore not as experimentally tractable as shore avoidance.
Inspection of non-significant distributional trends in Table II are generally similar to those in Table III . DVM and active shore avoidance, with potential additional avoidance of hydrologic entrainment, are sufficient to explain observed gradients. Fish predation may account for, or contribute to, horizontal distributions in fish-present lakes, but invoking a direct predation argument is not necessary.
No differences in body size across times and locations were detected for any taxa in any analyses. This has the unlikely implication that if fish predation were the major contributing factor to horizontal pattern in zooplankton abundance in fish-present lakes, there would be equal predation pressure on all body sizes within a species. Lack of horizontal gradients in zooplankton body size may result from sampling only the upper 1 m of the water column. It is possible that certain size classes of zooplankton avoid the surface water regardless of distance from the shore.
For copepod adults, variations in body sizes were relatively small. This is expected, since copepods have morphologically distinct early developmental stages that were not included in body size measurements. In contrast, for cladocerans, juvenile stages have the same general morphology as adults, simply smaller. Therefore, juveniles, as well as adults, were measured when determining body sizes of these taxa, resulting in greater variation in body size.
Larval salamanders were present in three of four fishless lakes and in none of the lakes with fish. Larval salamanders are zooplanktivores and it is possible that they affected zooplankton horizontal distributions. However, Stangel and Semlitsch (1986) found that densities of Ambystoma sp. found in natural populations had no effect on vertical distributions of zooplankton (both copepods and cladocerans, including Daphnia) in aquaria. As DVM was not induced by salamander presence, it seems unlikely that horizontal movements would be initiated. Liss et al. (1995) found that there was no statistically significant relationship between salamander larval density and crustacean zooplankton density, regardless of lake fish status, in montane lakes of the Cascade Mountains, Washington, USA. Although the relationship between zooplankton and salamander larvae is poorly known, initial indications suggest that salamanders do not strongly affect the spatial distribution of zooplankton.
It has been suggested that lacustrine vertebrate and invertebrate predation act alternately because invertebrate predators are themselves subject to fish predation. As a consequence, the role of invertebrate predation increases as fish predation declines (Mumm, 1997) . However, a simple functional replacement of fish by Chaoborus or predatory copepods, in affecting horizontal zooplankton prey distribution, is unlikely in this study. Only one fish-absent lake, Upper Snyder, had sufficient abundance of Chaoborus to warrant spatial analyses (Table II) . Chaoborus was not observed in Twin Lake; one Chaoborus individual in a single subsample was found in U2, and limited numbers (<4 individuals) were found in only four of 18 subsamples in U3. As the strength of anti-predator behavior is positively related to predation risk (Ramcharan et al., 1992) , low Chaoborus abundances suggest that only weak, if any, prey behavioral responses would be elicited. Further, zooplankton DVM resulting from Chaoborus presence has been found to be the opposite of that induced by fish presence, with zooplankton remaining near the surface by day and descending at night (Neil, 1992) . No evidence of reverse DVM was found in this study. Predatory copepods were mostly rare and small bodied in study lakes. Caramujo et al. (1997) found that copepod predation on Daphnia can be much less important than fish predation, as copepods induced effective Daphnia morphological defenses.
In conclusion, horizontal zooplankton abundance gradients occurred in both fish-present and fish-absent lakes. No horizontal gradients in zooplankton body size were found. Gradients in fish predation may contribute to the strength of zooplankton abundance pattern, but it is not necessary to invoke predation to explain horizontal zooplankton gradients. Horizontal zooplankton gradients differed through a diel cycle, but changes in distributional pattern were species specific with some species exhibiting gradients only during the day, while others exhibited them only during the night. Avoidance of the outlet over and above active shore avoidance appeared to take place in Daphnia sp. based on replicated lake analyses. Within-lake analyses provided equivocal support of active outlet avoidance with most taxa showing no significant difference between shore and outlet abundance (seven of nine), one taxa showing a decrease and one an increase in outlet compared to shore abundance.
